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endoscopic saphenous vein harvesting has been applied to
reduce wound complications.11-13 Randomized clinical
trials have been completed that showed an improved
wound complication rate, improved postoperative pain,
and a reduction in hospital length of stay in patients who
undergo the endoscopic vein harvest compared with
patients who undergo the standard open technique for
vein harvest.14,15 However, none of these series have
offered complete surveillance to evaluate the long-term
patency of these grafts based on the reporting standards of
the American Association for Vascular Surgery and the
Society for Vascular Surgery.16 The additional manipula-
tion of the vein during endoscopic dissection may create
damage to the vein graft itself and ultimately limit its long-
term patency. We undertook this study to further evaluate
the long-term durability of vein graft harvest by an endo-
scopic technique.
METHODS
All patients who underwent elective lower extremity
revascularization with endoscopically harvested saphenous
vein grafts between September 1994 and August 2000 were
prospectively followed for graft patency. All patients who
underwent a lower extremity bypass graft with a reversed
saphenous vein graft (requiring a length > 15 cm) in a non-
emergency setting were considered for the endoscopic tech-
nique. This technique was only rarely used (2 of 130
Saphenous vein grafts have been established as the
superior conduit for lower extremity arterial bypass graft-
ing. Historically, the greater saphenous vein (GSV) is
exposed through a long continuous incision to visualize,
mobilize, and ligate its branches before its use as an arte-
rial conduit. Wound complications, delayed wound heal-
ing, and pain have led to increased morbidity, increased
pain, and longer recovery for up to 24% of the patients
who undergo this traditional method of vein harvest.1-8
Patients with chronic ischemia of the lower extremities
have been shown to have an even higher rate of complica-
tions associated with healing this long incision.6 Rarely,
wound complications can lead to the devastating problem
of graft failure and lower extremity amputation.9,10 Thus,
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Background: Endoscopic saphenous vein harvest has been explored as a minimally invasive alternative to a long con-
tinuous leg incision for removal of the greater saphenous vein. The endoscopic technique uses limited incisions (2-4)
with extended “skin bridges” and videoscopic equipment for the dissection and removal of the greater saphenous vein.
This study was undertaken to evaluate the long-term durability of saphenous vein grafts harvested by an endoscopic
technique and used for lower extremity arterial revascularization.
Methods: All patients who underwent endoscopic saphenous vein harvesting for lower extremity arterial bypass grafting
were prospectively followed for graft patency and risk factors. Grafts were surveyed with serial duplex scans at 3- to 6-
month intervals over this 5-year study. Life-table methods were used to assess graft survival. A computerized registry
and medical records were reviewed to determine graft patency and patient survival.
Results: From September 1994 to August 2000, 164 lower extremity arterial saphenous vein grafts harvested by an
endoscopic technique were used for lower extremity arterial bypass grafting in 150 patients. The patient population
included 111 males (75%) and 112 smokers (75%), but also included a high-risk cohort of 65 diabetic patients (43%)
and 15 patients undergoing dialysis/renal transplant (10%). Twenty-eight patients (19%) died within the study period.
With life-table methods, 1-, 3-, and 5-year secondary patency rates were 85% (± 3.2%), 74% (± 5.7%), and 68% (±
11.6%). Of the 30 failed grafts, 7 (4%) failed in the first month related to inadequate runoff (4), cardiac instability (2),
and an additional surgical procedure (1). Twenty-three grafts (14%) failed between 1 and 42 months. Twenty-two
(16%) of these 134 patent grafts underwent a second procedure to maintain patency (13 as primary-assisted patency
and 9 as secondary patency).
Conclusions: Endoscopic saphenous vein harvest for lower extremity arterial reconstruction provides a satisfactory con-
duit for lower extremity bypass grafting. Although increased manipulation from this limited access technique may incite
an injury response in the vein, these vein grafts can maintain an adequate patency for lower extremity bypass grafting.
(J Vasc Surg 2001;34:434-9.)
JOURNAL OF VASCULAR SURGERY
Volume 34, Number 3 Jordan et al 435
operations) for in situ vein grafts. Preoperative vein map-
ping was used on a limited basis in the early years of study
(1994-1996) and more liberally in the later years, particu-
larly when a portion of the saphenous vein had already been
used for coronary bypass or other peripheral bypass grafting
procedures. The ultrasound imaging information helped
the operator select the location of incisions and best seg-
ment to use for the bypass operation and only rarely led to
a decision to reject the vein for bypass grafting.
Indications for operations were categorized as claudi-
cation, aneurysm, or critical limb ischemia (which
included ischemic rest pain, ulceration, or gangrene.)
Charts were retrospectively reviewed for additional med-
ical encounters after discharge. Postoperative graft surveil-
lance included a duplex ultrasound examination within the
first postoperative week, then, at 3-month intervals during
the first postoperative year. After the first year, grafts were
followed at 6- to 12-month intervals, depending on the
discretion of the treating physician. Grafts judged at risk
for thrombosis underwent more frequent duplex scans.
Grafts identified with duplex abnormalities (typically, a
peak systolic velocity >220 cm/s, a peak systolic velocity
<40 cm/s, or a peak systolic velocity ratio >2.5) were then
evaluated with angiography. Grafts were revised if the arte-
riogram confirmed the area of stenosis and it was judged
to be physiologically significant. Revised grafts (primary
assisted) that maintained patency were considered secon-
darily patent.
Primary patency was calculated from the date of last
known patency as confirmed with a duplex imaging or an
ankle pressure previously known to correlate with a
duplex-confirmed patent graft. Data were then analyzed
with life-table methods to estimate long-term graft
patency. Because of the broad geographic area of our
patient base, many patients were unable to return for con-
tinued surveillance protocol. However, intermittent con-
tact with primary doctors provided information for limb
salvage rates.
All patients underwent preoperative arteriography.
Preoperative duplex ultrasound vein imaging evaluating
size and patency of the GSV was often performed to deter-
mine the best segment of vein to use for the planned
bypass graft. Initial arterial incisions were made over the
corresponding arterial inflow and outflow sites. Minimal
modification of those incisions was undertaken to allow
initial vein exposure. After the initial mobilization of the
vein segment was completed, including dissection under
the axial ends of the incision, a retractor and operating
scope (Endoscopic Saphenous Vein Harvest Tray; Ethicon
Endosurgery, Cincinnati, Ohio) were placed into the
plane of the saphenous vein, and the dissection was com-
pleted with the aid of the video equipment.
Instruments were introduced through this open inci-
sion, whereas anterior traction was maintained with the
retractor and scope within it. Dissection of the saphenous
vein and clip ligation of branches were visualized on the
video screen as instruments were passed through the open
portions of the incision. Additional incisions were made,
as needed, depending on the length of vein required for
bypass grafting and the difficulty in manipulating the vein
and its branches during the course of dissection.
Transillumination of the light source was used to select a
site for counterincisions for vein dissection. After dissec-
tion was complete, the vein was transected at its distal end,
removed from the tunnel, disconnected from the femoral
vein, and then flushed with heparin saline to identify any
further branches. Clips were removed and branches con-
trolled with silk ligatures. After patency and continuity
were confirmed, the graft was used as a reverse vein graft
in the standard fashion. The full operative technique is fur-
ther illustrated in previous reports.17
RESULTS
From September 1, 1994, to August 31, 2000, 150
patients underwent 164 lower extremity arterial bypass
graft operations with GSV harvested by video-assisted
techniques. This subset represents 17.9% of 913 total
infrainguinal revascularization operations performed over
the 6-year period at our institution. In the study group,
there were no hospital deaths, 1 death 2 weeks after dis-
charge, and 27 subsequent deaths (total 19%) in the fol-
low-up period ranging from 1 to 73 months. Patient
characteristics are outlined in Table I.
Indications for bypass grafting included claudication
for 38 patients (23.2%), popliteal aneurysms for 4 patients
(4.3%), and critical limb ischemia for 122 patients (72.6%).
Of the 164 bypass grafts, 124 were anastomosed to the
Table I. Patient characteristics
n %
Patients 150
Age (y) 62 (range, 44-89)
Male 111 74
Hypertension 104 69
Coronary artery disease 65 43
Smoking history 112 75
Hyperlipidemia 42 28
Diabetes 65 43
Renal failure/transplant 15 10
Table II. Anatomic positions of bypass grafts
Inflow Outflow
Common femoral 111 0
Profunda 2 0
Superficial 24 0
Above-knee popliteal 13 40
Below-knee popliteal 4 61
Posterior tibial 0 27
Anterior tibial 1 12
Peroneal 0 18
Dorsalis pedis 0 4
Other 9 2
Total 164 164
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below-knee vessels, 64 of which included tibial vessels
(Table II).
Fourteen patients (8.5%) had wound infections during
the 30-day postoperative period. Seven of the wound com-
plications were confined to superficial areas at the groin or
knee and only caused delayed healing. Five wound infec-
tions involved the subcutaneous layers and required bed
rest and dressing changes, whereas the remaining two com-
plications were hematomas along the subcutaneous tunnel
of the vein harvest site. All wound infections occurred at the
proximal or distal dissecting site. There were no thigh
wound breakdowns in this series, a complication that 
typically houses a difficult area for wound healing in these
vascular patients. Furthermore, none of these wound com-
plications led to graft failure or limb loss.
The average length of stay after the operative interven-
tion ranged from 2-60 days with an average of 8.1 days and
median of 6 days. Of the 14 wound complications, 10 led
Fig 1. Endoscopically harvested saphenous vein grafts used as lower extremity arterial grafts: primary patency (triangles); primary-
assisted patency (squares).
to increased length of stay or a readmission after discharge,
and 4 were managed with additional outpatient visits.
Twelve grafts occluded in the first 30 days because of
poor runoff (5), poor vein conduit (1), poor cardiac func-
tion with hypotension (2), hypercoagulable state (1), and
unknown reasons (3). Five of these thrombosed grafts were
salvaged with a second procedure, leaving seven grafts with
early failure. All of these 12 patients had ischemic rest pain
or tissue loss as the indication for a bypass graft operation.
Three veins were injured during the course of dissection
and required a vein patch repair (2) or a venovenostomy
(1). Two of these injuries appeared related to the use of the
instrumentation through the subcutaneous tunnel done
during the course of initial exposure. One vein was tran-
sected because of misidentification of the main trunk of the
vein. One of those grafts (vein patch repair) subsequently
thrombosed 5 months postoperatively. Fifteen of the
patent grafts (12%) have been revised after ultrasound and
arteriographic evidence of physiologic stenoses. Twenty-
three additional grafts, including 12 within the first 6
months, have thrombosed during follow-up. With life-
table methods, the 5-year primary patency, primary-
assisted patency, secondary patency, and limb salvage rates
were 51%, 63%, 68%, and 89%, respectively. Figs 1 and 2
represent the primary patency, assisted patency, secondary
patency, and limb salvage rates.
DISCUSSION
Postoperative wound complications after removal of
the GSV have been improved with the application of min-
imally invasive techniques. Many reports support endo-
scopic vein harvesting for coronary artery bypass grafts
and lower extremity revascularization. Some reports claim
normal graft patency when there is an absence of identi-
fied thrombotic complications.15 However, the absence of
clinical events is not equivalent to graft patency, according
to the reporting standards previously accepted by Vascular
Societies.16 This report uses accepted standards for graft
surveillance to follow arterial bypass grafts harvested with
the endoscopic technique to accurately determine the
long-term graft patency.
During the course of endoscopic saphenous vein har-
vest, the vein is typically exposed to more manipulation
than during the traditional open harvest. Injury to the
vein may occur during three different phases of the vein
harvest: (1) when instrumentation is first placed into the
subcutaneous cavity along the tract of the vein, (2) during
the dissection of the vein with the videoscopic equipment,
and (3) during retraction of the vein for dissection and
removal. Ideally, any injury should be identified after
removal of the conduit and before it is arterialized. Then,
the vein can be repaired without incident. This “harvest”
type injury was found in three of our vein grafts and
repaired. One of those grafts thrombosed after 5 months,
but the etiology was not accurately determined.
Subclinical vein injury may also play a role in late
graft failure after endoscopic saphenous vein harvest. The
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increased manipulation may incite a delayed response
that later becomes manifested as neointimal hyperplasia
leading to graft failure. Traumatic injury to the vein dur-
ing its removal has been studied as a potential inciting
agent for delayed neointimal response and graft failure.18
We maintained a standard surveillance protocol to follow
grafts for duplex flow abnormalities that might predate
graft occlusions. When abnormalities persisted, angio-
graphic evaluation was undertaken to plan potential revi-
sion that might improve graft survival. This protocol
identified 15 grafts that were revised before thrombosis.
This 12% revision rate is highlighted in the difference of
the primary and primary-assisted survival curves of Figs 1
and 2. Previous reports list revision rates ranging from
10% to 23% depending on the orientation of vein graft
used (in situ, nonreversed, reversed, and alternative).19
Although our revision rate seems similar to literature
reports, the technique of vein harvest may worsen the
hyperplasia rate and ultimately graft failure. If the vein
harvest technique does injure the vein, then the clinical
benefit of reduced pain and lower infection rates must be
considered in light of this potential for late failure.
Finally, carefully designed clinical studies may be
required to determine the contribution of “vein harvest
trauma” to delayed graft failure.
Some authors have advocated the use of vein strippers
to remove the vein for arterial conduit in hopes of reduc-
ing wound morbidity.20 Long-term follow-up and infor-
mation about patency are unavailable for this technique
and, thus, raise the concern that a traumatic technique may
affect long-term patency of a vein graft. We think the dis-
section of the vein without visualization may lead to unac-
ceptable vein injury and subsequent graft failure. However,
the endoscopic technique incorporates the use of a circular
instrument to aid in the dissection and mobilization of the
vein performed under direct vision. Although vein injury
can still occur and sometimes requires additional attention
after removal, these long-term data suggest that any vein
injury is not clinically significant.
Our endeavor into the area of video-assisted vein har-
vest was particularly driven by the hopes of reducing
wound complications and reducing postoperative pain.
Obtaining these goals can lead to early mobilization and
more rapid discharge from the hospital, along with a rapid
recovery after discharge. Our previous series showed a
complication rate of 8.7.11 In one report, patients who had
minor wound problems after coronary artery bypass graft-
ing experienced an increase from 12 to 24 days in hospital
stay. Major complications increased the length of stay to 32
days.4 Although a shortened length of stay and improved
postoperative pain are certainly important, graft patency
and pain-free limb salvage are our ultimate goals. Our
patients maintained an 89% limb salvage rate at 5 years
while using this minimally invasive technique. None of the
patients who had claudication before the operation lost
limbs, and 15 patients (12.3%) with critical limb ischemia
required major amputation during the course of this study.
CONCLUSION
The GSV can be removed from its native bed with lim-
ited incisions by means of an endoscopic technique. This
technique can be accomplished with reduced morbidity
and provides a satisfactory conduit for arterial bypass graft
procedures. The additional manipulation of the vein graft
does not have a significant effect on the long-term patency
of these grafts.
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